has also more recently motivated ambitious epidemiological efforts to make the ''unknown cause'' definition of sarcoidosis obsolete. What follows is a brief description of these efforts and the most promising avenues for future epidemiological research of sarcoidosis.
DEFINING WHO HAS SARCOIDOSIS
In the ATS statement paper on sarcoidosis, the authors commented that the epidemiology of sarcoidosis was problematic for several reasons, including:
(1) lack of a precise, consistent case definition, (2) variable methods of case ascertainment, (3) variability in disease presentation, (4) lack of sensitive and specific diagnostic tests, resulting in under recognition and misdiagnosis of the disease, and (5) the paucity of systematic epidemiologic investigations of cause.
Interestingly, four of the five problems in sarcoidosis epidemiological research that were cited involved difficulty with case definition and case heterogeneity. It is difficult to access the extent to which poor case definitions and case heterogeneity have confounded epidemiological studies to date, but as discussed later in this review, methodological approaches focused on case samples and using case heterogeneity to extract clues about disease etiology are essential to moving the epidemiology of sarcoidosis forward.
A CASE-CONTROL ETIOLOGY STUDY OF SARCOIDOSIS (ACCESS)
The case-control study remains the workhorse of epidemiology, primarily because of its ease of implementation and the large amount of data that can be processed to yield associations that might give clues about disease etiology. In terms of its size, breadth, and methodological rigor, the recently completed ACCESS study is the preeminent sarcoidosis case-control study. 2 Although ACCESS has yielded important results relating to familial, genetic, and environmental risk factors for sarcoidosis (some of which will be reviewed in more detail later in this article), it has failed to produce a breakthrough in defining the etiology of sarcoidosis. 3 ACCESS has helped refine the risk estimates for some inherited factors long known to be associated with sarcoidosis, such as HLA-DRB1 4 and having a firstdegree relative with disease, 5 and confirmed the consistent perplexing overlap of sarcoidosis risk factors with those of other similar interstitial lung diseases, such as microbial bioaerosols. 6 
THE DEMOGRAPHICS OF SARCOIDOSIS RISK AND ETIOLOGIC CLUES
Understanding the ethnic and sex differences associated with sarcoidosis was one of the ACCESS study goals and should continue to be a focus of future sarcoidosis investigations because this striking feature must contain important clues about etiologic agents. The variation in sarcoidosis incidence across ethnic groups is well documented, with African-Americans and northern Europeans having the highest rates of sarcoidosis incidence. Beyond the disease incidence variations across populations, ethnic differences also exist for clinical presentations, disease course, and genetic susceptibilities (Table 1) . 4, [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] Although the female preponderance of sarcoidosis appears to be consistent across ethnic groups, some variation in the sex ratio of cases across ethnic groups has been observed. Also, although the agespecific incidence of sarcoidosis has prominent peaks, these peaks occur in different decades of life across ethnic groups. In African-Americans, a prominent peak incidence of sarcoidosis is observed in the fourth decade of life for both males and females. 20 In Japanese, the peak incidence of sarcoidosis occurs in the third decade of life, 21 but some investigators have noted a bimodal peak in sarcoidosis occurrence, with the second peak seen in older female patients (> 50 years old). [21] [22] [23] A similar bimodal incidence peak in women has also been observed in Scandinavian populations. 22, 24 The etiologies behind these early and late cases of sarcoidosis Although the ethnic differences in sarcoidosis have long been appreciated and generally considered in studies designed to examine sarcoidosis etiology, age and sex differences in sarcoidosis presentation are less often taken into account or only considered in the analysis phase. When age/sex variations in disease-risk factors associations are sought, they are generally found. For instance, many case-control studies reporting genetic associations with sarcoidosis often find the associations are limited to, or more prominent in, one sex. 4, 25, 26 In ACCESS, HLA-DRB1*1101 had a higher odds ratio (OR) in males than in females (OR 3.6 for males and 1.51 for females). 4 Although age and sex did not appear to have a significant effect on familial risk in the ACCESS sample, 5 in a separate study of AfricanAmerican families we found familial risk was greater in index cases that were younger and male. 27 Heterogeneity in clinical presentation by ethnicity is demonstrated in Fig. 1 taken from the ACCESS study. 28 For black subjects, there was more frequent involvement of the eye, liver, bone marrow, extrathoracic lymph nodes, and skin other than erythema nodosum. Abnormalities of calcium metabolism were more frequent among white subjects. For a subset of patients followed for 2 years in the ACCESS study, 29 blacks appeared to have more radiographic disease progression compared with whites ( Fig. 2A) . Longitudinal changes in pulmonary function were also more variable in blacks compared with whites (Figs. 2B,C), but there were no apparent racial differences in level of dyspnea (Fig. 2D ).
Other clinical differences by age and sex were observed in ACCESS. Women were more likely to have eye and neurological involvement and erythema nodosum. There was some evidence of more frequent abnormalities of calcium metabolism in men. Those diagnosed under 40 year of age were more likely to have involvement of extrathoracic lymph nodes, whereas patients 40 year of age and over were more likely to have abnormal calcium metabolism. Overall, the variation in sarcoidosis risk and presentation across ethnicities, age groups, and the sexes remains fertile ground for finding additional clues about disease etiology.
PROMISING DEVELOPMENTS IN THE EPIDEMIOLOGY OF SARCOIDOSIS

Environmental Risk Factors
Because sarcoidosis most commonly involves the lungs, and because the two other organs most commonly affected, the eyes and skin, also have direct contact with the external environment, the search for environmental causes has centered on exposures to airborne antigens. Some of the earliest studies of sarcoidosis found associations between case status and rural-related exposures, such as wood-burning stoves, 30, 31 tree pollen, 32, 33 and soil exposures. [34] [35] [36] More recently, exposure to wood-burning stoves has been implicated again as conferring increased risk for sarcoidosis, 37 as well as exposures to inorganic particles, [38] [39] [40] insecticides, 6, 37 and moldy environments. 6, 41 Studies of occupations associated with sarcoidosis have found positive associations with ship's servicemen in the navy 42 ; metal work 41 ; suppliers of building materials, hardware, and gardening materials 43 ; educators 41, 43 ; and fire fighters. 44, 45 The rationale behind occupational studies is that they can help identify common environmental agents or type of exposures that might warrant more in-depth investigation. Unfortunately, occupational associations with sarcoidosis do not appear to have a unifying theme.
The most promising environmental finding from the ACCESS study was an association with potential exposure to microbial aerosols. 6 Although exposure to work environments with mold/mildew exposures only increased risk for sarcoidosis by 60%, the exposure was robust because it encompassed increased odds ratios for several related specific exposures, including musty odors and home air conditioning. In addition, another independent study of African-American sibs found a similar association with wet or moldy environments 41 as well as possible genetic interactions with this exposure. 7 One hypothesis is that microbial bioaerosols may harbor mycobacteria, which have been associated with the development of other granulomatous diseases, such as hypersensitivity pneumonitis. 46 Although this hypothesis suffers from the inconsistency of finding evidence for mycobacterial infection in sarcoidosis granulomas, [47] [48] [49] it still holds considerable attraction given how strongly the pathogenesis of sarcoidosis mimics that of a disease triggered by an infectious agent. 50 Future investigations that can potentially advance this hypothesis include studies of immunologic responses to mycobacterial antigens by sarcoidosis subjects and assessment of genetic correlations with antigen recognition, as well as correlations with particular clinical phenotypes. 51 
Familial Aggregation of Sarcoidosis
Until recently, the aggregation of sarcoidosis in families was based primarily on anecdotal reports of familial clustering, with few controlled studies empirically demonstrating that relatives of sarcoidosis are at greater risk. Those studies that included referent populations had either very small samples, 52 which precluded calculating precise estimates of familial risk, or suspect referent populations, 53, 54 which put into question the validity of their estimates. For African Americans, the first published estimates of familial relative risk for sarcoidosis that were age and sex adjusted to a standardized referent population came from a family-based study performed in a large health system in Detroit, Michigan. 27 The familial risk (l) for sibs and parents was 2.24 and 2.82, respectively. For sibs and parents combined, l was 2.49. Stratified results indicated that sarcoidosis familial risk was greater for relatives of younger (l ¼ 2.93) and male (l ¼ 3.98) probands.
This first comprehensive report of sarcoidosis familial relative risk in African Americans was followed shortly by a report from the ACCESS study, in which sarcoidosis familial relative risk was estimated using data on disease occurrence in 10,862 first-and 17,047 second-degree relatives of 706 age, sex, race, and geographically matched cases and controls. 5 Sibs had the highest relative risk (l ¼ 5.8), followed by avuncular relationships (l ¼ 5.7), grandparents (l ¼ 5.1), and then parents (l ¼ 3.8). In a multivariate model fit to the parents and sibs data, the familial relative risk adjusted for age, sex, relative class, and shared environment was 4.7. Caucasian cases had a markedly higher familial relative risk compared with African American cases (18.0 versus 2.8; p ¼ .098). These two studies confirmed what had been anecdotally reported for years, that family members of sarcoidosis cases were at increased risk for disease, but more importantly quantified this risk so that appropriate sample size estimates for future genetic linkage studies could be calculated.
Genetic Linkage Studies of Sarcoidosis
Schurmann and colleagues 55 reported the first genomewide search for predisposing genes in sarcoidosis. On the basis of 225 microsatellite markers tested in 63 German 
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EPIDEMIOLOGY OF SARCOIDOSIS/RYBICKI, IANNUZZI families (Caucasians) with affected siblings, they detected seven chromosomal regions of increased (p < .05) allele sharing. 55 The most prominent peak was noted for D6S1661 on chromosome 6p21 (p ¼ .001). Minor peaks (p < .05) were found on chromosomes 1 (D1S1665), 3 (D3S1766), 7 (D7S821 and D7S3070), 9 (D9S934), and the X chromosome (DXS6789). Using case-control and family-based analyses on data from 69 SNPs across a 16.3 MB interval surrounding D6S1666, Valentonyte et al 8 identified a 440 kb region of association around the BTNL2 gene, a costimulatory molecule of the B7 family. By genotyping 48 single nucleotide polymorphisms (SNPs) from this region, they identified the associated variant rs2076530, a SNP in exon 5 of BTNL2 in which the G to A variant alters the anatomy of a splice site resulting in a truncated protein. The susceptibility A allele of rs2076530 is characterized by odds ratios of 1.6 in heterozygotes and 2.75 in homozygotes. The population attributable risk was 23% for heterozygotes and homozygotes. Potential T cell downregulatory function of BTNL2 could be impaired by the truncating mutation, which is predicted to cause loss of the immunoglobulin C (IgC) domain and transmembrane helix. 8 Shortly after the initial genome scan for sarcoidosis susceptibility genes in a German population, the Sarcoidosis Genetic Analysis (SAGA) study conducted a genome scan for sarcoidosis susceptibility genes in African Americans. 56 Using the Weber 10 microsatellite marker set (380 markers with an average intermarker spacing of 9.18 cM) in 229 African-American families, results of a Haseman-Elston regression 57 showed linkage peaks with p values less than .05 on chromosomes 1p22, 2p25, 5p15-13, 5q11, 5q35, 9q34, 11p15, and 20q13. 58 The most prominent peak was at D5S2500 on chromosome 5q11 (p ¼ .0005), with two separate linkage peaks delineated on chromosomes 5p15-13 and 5q35.
Additional analyses of the SAGA data have helped refine the initial linkage results but also reveal the difficulty of doing genetic linkage studies in admixed populations such as African-Americans. Fine mapping excluded most of the original linkage signals, with the exception of the signals on chromosomes 5p15-13 and 5q11. 59 The results from this fine mapping study also suggested that the effects of the putative locus on 5p15-13 were not independent from another putative locus on chromosome 3p14-11. In another genetic analysis emanating from the original SAGA genome scan, Thompson et al showed evidence that population stratification had an effect on the majority of the original SAGA linkage signals. 60 In the two genetically distinct populations that were identified within the SAGA sample, only one of the two populations showed evidence for linkage to the 5p15-13 locus, whereas putative susceptibility loci at 1p22, 3p21-14, 11p15, and 17q21 only showed linkage in the other subpopulation. Several of the linkage signals were consistent across both populations, but they were more the exception than the rule.
Comparison of Caucasian and African-American Sarcoidosis Genome Scans Fig. 3A -F depicts the significant chromosomal linkages from the two sarcoidosis linkage studies done in German Caucasian and African-American populations. The linkage results at chromosomes 3p, 5, and 6p and subsequent additional studies of these regions are illustrative of the complex genetics underlying susceptibility to this disease. In the original SAGA genome scan, no markers on chromosome 3 met the significance level cutoff value of .05. However, in subanalyses of families with three or more sibs affected, the D3S1285 marker on chromosome 3p14 had a p value of .03 and more significantly mapped to the same chromosomal region that had the second strongest signal (p ¼ .009) in the original German genome scan. 55 These findings motivated the fine mapping of this region in the SAGA sample (despite its lack of significance in the overall scan), and as described earlier, it appears that a putative locus in the 3p14 region may act in concert with another putative sarcoidosis locus on chromosome 5p15-13. Furthermore, the fact that the 3p signal appeared in German Caucasians and only in a small subpopulation of the larger SAGA sample 60 would suggest that this locus may be Caucasian in origin and only discernible in an admixed African American population where analyses of genetically homogeneous subsets that have a high percent of Caucasian genes are possible. Investigation of one of the strongest candidates in the 3p region based on gene function, CCR2, has yielded mixed results. Two studies have demonstrated an association with disease susceptibility, 9,61 and one study found an association with Löfgren's syndrome. 62 However, the German sample that had a linkage signal at chromosome 3p failed to show an association with CCR2 in both sarcoidosis patients and the Löfgren's subset within the patient sample. 63 Population stratification has also shed new light on the initial chromosome 5 linkages to sarcoidosis in African Americans reported by SAGA. 58 Thompson et al 60 showed that the 5p15-13 linkage was unique to one subset of the population, whereas the 5q11 linkage appeared to be consistent across both populations (Fig. 4) . Even more perplexing than the putative genetic linkages to sarcoidosis on chromosomes 3p and 5 are the lack of any positive linkages with the major histocompatibility complex (MHC) region in SAGA despite the strong linkage signal to that region observed in German Caucasians. Analyses of the HLA-DRB1 alleles in ACCESS demonstrated the allelic heterogeneity by race at the locus, 4 translating in part to DRB1 alleles that have associations with sarcoidosis in one race, but not the other (e.g., HLA-DPB1*0101 in blacks, but not whites; HLA-DRB1*1501 in whites, but not blacks).
Allelic heterogeneity by race at the BTNL2 locus further illustrates the complexity of MHC associations with sarcoidosis between ethnic groups. In a follow-up to the BTNL2 exon 5 sarcoidosis allele reported in German Caucasians at the rs2076530 SNP, we genotyped rs2076530 and other nearby BTNL2 SNPs in independent Caucasian and African-American samples. 10 Four SNPs (G16043A, A16071G, C16113T, and T16165C) captured > 95% of the haplotype variation within this region. The most frequent haplotype, G-A-C-T (haplotype 1), conferred 1.56-fold increased risk for sarcoidosis (p ¼ .00004) in whites. Haplotype 1 was not associated with sarcoidosis in either the casecontrol or the family-based African-American samples. In the sample of whites, the A allele at position 16071 conferred an odds ratio for heterozygotes (AG vs GG) of 1.70 and an odds ratio for homozygotes (AA vs GG) of 2.63. This result is similar to that observed in the German population. 8 Haplotype 2 (G-G-T-T), the next most frequent haplotype in African Americans, was not associated with sarcoidosis in either the family or the case control sample, but was underrepresented in Haplotype 4 (A-G-C-C), was underrepresented in cases across all three samples, but only in the AfricanAmerican case-control sample did this haplotype show a significant negative association with sarcoidosis (OR ¼ 0.44, p ¼ .001). Overall, the haplotype distribution across BTNL2 exon/intron 5 was significantly associated with sarcoidosis in all three populations, but the association in African-Americans was more modest than compared with whites. Of note, the association of the BTNL2 rs2076530 A allele has recently been replicated in a third independent European white population. 64 
FUTURE DIRECTIONS IN SARCOIDOSIS EPIDEMIOLOGY
A Conceptual Model of Sarcoidosis Etiology
If sarcoidosis epidemiology is to move forward, then new methodological approaches are needed. In addition, emerging technological advances that allow detection of hidden molecular signals from antigenic footprints and genomewide analyses of genes more often inherited and/or expressed in sarcoidosis should yield new insights. In all epidemiological studies, investigators need to adequately address the issue of defining who is a case and case heterogeneity. Defining etiologically homogeneous subsets of disease and study designs that are not subject to some of the inherent biases in case-control studies will offer the most in this regard. Sarcoidosis variation by ethnicity and sex should also be used as a means to tease out etiologic clues. Fig. 5 depicts a general conceptual model of sarcoidosis associations that investigators should bear in mind when designing epidemiological studies. Some examples of methodological approaches that have been or could be fruitful in the study of sarcoidosis epidemiology follow.
Phenotype-Based Analyses
Sarcoidosis researchers have long been aware of the importance of phenotype when searching for genetic risk factors. Most of the initial association studies of HLA class I molecules and sarcoidosis subdivided cases into more homogeneous subsets in an effort to uncover genetic associations that may be masked when examining a clinically heterogeneous group of sarcoidosis cases. For instance, Brewerton et al reported associations between HLA-B8 and sarcoidosis cases with acute arthritis and HLA-A1 and sarcoidosis with uveitis. 65 Six years later, Hedfors and Linstrom extended the HLA-B8/sarcoidosis arthritis finding to also include an association with HLA class II DR3 molecule. In an effort to simplify the number and types of sarcoidosis phenotypes, sarcoidosis has commonly been divided into ''chronic'' versus ''acute'' disease. Although this is likely an oversimplification, genetic factors specific to these two extremes of the sarcoidosis phenotypic spectrum have been identified. For instance, the class II HLA-DRB1*0301/DQB1*0201 haplotype has been repeatedly found associated with Löfgren's syndrome, [67] [68] [69] [70] an acute form of sarcoidosis characterized by erythema nodosum, Scadding stage I chest x-ray, arthritis, and a good prognosis. 71 More generally, this haplotype is also associated with a good disease prognosis. 70, 72, 73 Genetic associations with sarcoidosis phenotypes reported in the literature are shown in Table 2 . 7, 12, 26, 61, 62, 67, 68, 70, [74] [75] [76] [77] [78] [79] [80] [81] [82] [83] [84] [85] [86] [87] [88] [89] [90] [91] [92] In considering phenotype, racial heterogeneity of disease expression is of utmost importance. In ACCESS, race-specific HLA associations were observed with different organ involvement phenotypes, 4 and in a multivariate model organic dust and wood burning exposures had race-specific associations with systemic disease. 93 Some have posited that sarcoidosis is one clinical manifestation of a constellation of immune-related inflammatory granulomatous disorders that lie on a continuous disease spectrum. 94 Clearly, inflammatory diseases likely share genetic risk factors, 95 which suggests that searching for genes linked to specific clinical manifestations of inflammatory disease, rather than the collection of signs and symptoms that constitute a clinically defined inflammatory disorder, might portend a higher level of success. We performed such an analysis with the affected relative pair portion of the SAGA sample to search for loci linked to different pulmonary and organ involvement phenotypes. 96 In general, higher LOD (log of the odds) scores were attained for covariates that modeled clustered organ system involvement rather than individual organ systems. Interestingly, none of the significant sarcoidosis phenotype linkages overlapped with the regions previously found linked to sarcoidosis susceptibility, which suggested that, in African Americans, genes that influence specific manifestations of disease are likely to be largely separate from those which underlie disease susceptibility.
Gene-Environment and Gene-Gene Interactions
Future genetic epidemiological investigations of sarcoidosis must consider an analytic approach that includes evaluation of gene-environment and gene-gene interactions. A small but growing number of studies are beginning to suggest that such an analytic approach can yield a host of new and important advances in this disease. In our investigation of the HLA-DQB1 gene and sarcoidosis in African American families, we found evidence for gene-environment interactions between the HLA-DQB1*0201 allele and several different exposures, including vegetable dust, high humidity, and water damage. 7 Interestingly, although the HLA-DQB1*0201 allele had an overall inverse association with disease susceptibility, in the presence of vegetable dust and water damage an increased risk for disease was observed.
Because it is clear that multiple genes are involved in sarcoidosis pathogenesis, in addition to exploring the front end of the pathogenic cascade, it can also be fruitful to consider events further along the pathogenic pathway that involve interactions between multiple gene products. As mentioned earlier, a fine mapping linkage analysis of the SAGA sample suggested that putative susceptibility loci at chromosomes 3p14-11 and 5p15.2 may be interdependent. 59 In terms of specific genes that are known to have an important effect on sarcoidosis, Grunewald and coworkers were able to tease apart sarcoidosis risk effects for both HLA class I and II alleles by showing that an increased risk for persistent disease associated with the alleles HLA-A*03 and -B*07 required the presence of the HLA class II DRB1*15 allele. 72 The novel aspect of this report was that it strongly supported the notion that class I and II HLA molecules may play complementary roles in the promotion of the sarcoidosis disease process. Gene-gene interactions within the HLA region may be even more complex than interactions between class I and II molecules. In the initial report that identified BTNL2 as a novel sarcoidosis susceptibility gene, there was some suggestion of a possible interaction between the BTNL2 risk allele at rs2076530 and HLA-DRB1 risk alleles. 8 This potential interaction was investigated more in depth by Rybicki et al using the ACCESS Caucasian and AfricanAmerican case-control samples. 10 Although there did not appear to be any interactions between risk alleles for BTNL2 and HLA class II in whites, in blacks there was a strong suggestion of a negative interaction between BTNL2 and HLA class II risk alleles. If such a complex antagonistic effect between antigen recognition and costimulatory molecules coded by HLA class II exists in African-Americans, this could explain the inability to replicate the BTNL2 rs2076530 association in blacks as well as the lack of a linkage signal at chromosome 6p in the African-American SAGA sample.
Case-Only Study Designs
In terms of environmental exposures, although questionnaire data will continue to be useful, more detail on exposure dose and timing is needed to maximize the use of exposure data. The failure to identify a disease-causing antigen in sarcoidosis strongly suggests that the exposure to the inciting agent(s) of the sarcoidosis immunologic cascade may be very short term. Evidence exists that at least some sarcoidosis cases cluster in time and space, suggesting an acute point source exposure. 44, 45, [97] [98] [99] In EPIDEMIOLOGY OF SARCOIDOSIS/RYBICKI, IANNUZZI such instances more focus is needed on exposures occurring during the time directly before disease onset rather than lifelong exposures. Recent acute exposures are generally easier to recall but are still subject to bias in comparison with the experience of healthy controls. Study designs that use only case exposure histories, such as the case-crossover design, 100 may be one solution to the recall bias problem inherent in the case-control design, particularly in situations where the exposure can be quantified on a person time basis.
Other case-only study designs can be used to study genetic variants and combinations of genetic and environmental risk factors. A reported family history of disease implies that shared susceptibility genes among family members will increase disease risk. A study design that requires only case genotype and family history data is the kin-cohort design. [101] [102] [103] Essentially, a cohort is formed that is defined by a certain class of case relatives, usually first-degree relatives, in which the familial risk of a case with a certain genetic variant is compared with the familial risk of a case without the genetic variant. 101, 103 Although initially advocated as a tool to confirm casecontrol results, there is no reason why the kin-cohort approach cannot be used as the primary analytic method. Its main disadvantage is the possible lack of statistical power due to the attenuation of risk from the mixing of carriers and noncarriers in the relatives of the index case. However, in certain situations the kin-cohort approach can be more powerful than a case-control study. 102 In addition, there is no genetic confounding due to population stratification that is an inherent risk in the case-control design. An application of the kin-cohort approach to an African-American sarcoidosis case sample showed IL1A may be a promising candidate gene for sarcoidosis susceptibility. 104 Another study design that uses only cases to investigate interactions between risk factors rather than risks associated with individual risk factors is aptly called the ''case-only'' design. 105, 106 This design makes use of the fact that the multiplicative interaction of two risk factors is based solely on their distribution in cases when the two factors are uncorrelated in controls. Apart from the decreased logistical burden of enrolling and characterizing controls, the case-only design further benefits from the increased statistical efficiency afforded by a lower variance of the interaction odds ratio owing to the reduction of experimental cells from eight to four (i.e., the control cells are no longer relevant). The main limitation of the case-only analytic approach is that it cannot evaluate main effects, and others have noted that lack of independence of risk factors in controls can invalidate this approach. 107, 108 For sarcoidosis, the caseonly design may be of limited interest to researchers because definitive risk estimates associated with individual factors are largely unknown and often of interest.
Mapping of Sarcoidosis Genes Associated with Ancestry A higher incidence of sarcoidosis in African-Americans compared with Caucasians has long been noted, 109, 110 with a three-to fourfold increased incidence of sarcoidosis in African-Americans compared with Caucasians. 20 Other studies outside of the United States comparing sarcoidosis incidence in populations of west African ancestry with Caucasians further support a role of African genes in sarcoidosis susceptibility. In South Africa, Benatar reported a sarcoidosis incidence of 23.2/ 100 000 in blacks, 11.6/100 000 in coloreds, and 3.7/100 000 in whites. 111 In Great Britain, Edmondstone and Wilson 112 reported an annual sarcoidosis incidence of 19.8 per 10 5 in blacks and 1.5 per 10 5 in Caucasians. Overall, these studies across three continents show that sarcoidosis is consistently more common in people of West African ancestry when compared with people of European ancestry. The association between increased sarcoidosis risk and African ancestry and the admixed nature of the African-American population 113 suggests that the newly emerging technique of genetic admixture mapping 114 might be an important gene-finding strategy for sarcoidosis.
Mapping by admixture linkage disequilibrium (MALD) involves screening the genome of individuals of mixed ancestry, who have a disease or trait of interest, for chromosomal regions that have a greater percentage of alleles from the parental population with the higher disease risk. The theory behind MALD is that chromosomal segments of affected individuals containing a significantly higher than average composition of alleles from the high-risk parental population are more likely to also harbor a disease-gene allele. MALD is potentially suitable for localizing disease-gene polymorphisms in admixed populations that derive from ancestral populations with large allele-frequency differences that formed in the past few hundred years through admixture. Several criteria exist for MALD to be feasible 115 : (1) MALDbased identification of disease genes requires a measurable difference in disease frequency (also inferring difference in disease-causing alleles) between the parental populations; (2) admixture ideally needs to be at least two generations old to reduce the initial disequilibrium across chromosomes and between unlinked loci, whereas linkage disequilibrium within chromosomes remains strong 116 ; (3) a set of markers that specifically differentiate chromosomes derived from the parental populations is needed. As described earlier, admixture mapping for sarcoidosis genes in African-Americans satisfies the first of these three criteria. In addition, Caucasian admixture proportions in African-Americans 113 and resulting admixture linkage disequilibrium 117 suggests the second criterion is satisfied. Finally, emerging genetic maps of ancestry informative markers 118, 119 provide the necessary genetic tools to successfully undertake sarcoidosis admixture mapping studies.
SUMMARY
Recent findings from large collaborative studies of sarcoidosis and new developments in molecular technologies should move the epidemiology of sarcoidosis EPIDEMIOLOGY OF SARCOIDOSIS/RYBICKI, IANNUZZI dramatically forward in the coming years. Advances that are on the near horizon in the genetics of sarcoidosis are poised to fill the arsenal of the 21st century physician who will be trained to practice genomic medicine. 120 The ''genetic epidemiology'' of sarcoidosis will benefit from continued efforts to find combinations of genetic and environmental factors in the disease pathogenesis as well as efforts to dissect the etiologies of homogeneous disease subsets in which a limited number of risk factors may play a more prominent role. Usage of case-only methods that circumvent problems with identifying and defining proper control groups can provide a fresh look at an old problem. In summary, the majority of epidemiologic advances in sarcoidosis are likely ahead of us, and it behooves those investigators in this field to use all the research tools now available to advance sarcoidosis epidemiology into a promising future in which it will not longer be a disease of unknown causes.
